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ABSTRACT
A one year study was conducted on pollen collection, nectar 
foraging, and honey production of Africanized and European honey bees in 
the neotropics (Venezuela). Africanized bees had a larger proportion of 
their foraging force foraging for pollen and therefore collected 
significantly larger quantities of pollen. This higher amount of 
collected pollen provides the protein necessary to support increased 
brood production and thereby increases the opportunities for Africanized 
colonies to cast multiple swarms through an annual cycle.
Distinctly different patterns in nectar foraging by Africanized 
and European bees were detected. Africanized bees had lower proportions 
of the foraging force engaged in foraging for nectar only, but had a 
higher proportion foraging for both nectar and pollen. Africanized bees 
collected lower volumes of nectar per foraging trip than European bees, 
but returned to the colony with nectars having higher sugar content. The 
two geographical types contributed similar amounts of joules per average 
forager, and therefore, made similar net contributions of carbohydrates 
to the colony. However, European colonies always had more stored honey 
than Africanized colonies. Although the two geographical types exhibited 
different foraging patterns, these differences did not account for all 
the observed differences in stored honey.
Honey production was studied by examining the weights of colonies 
of Africanized and European bees. Also under consideration was the 
effect on colony weights of supplemental feeding of sugar syrup
viii
prior to the nectar flow. Significant geographical type differences in 
colony weights were detected in one apiary. Africanized colonies fed one 
liter of sugar syrup twice a week had lower colony weights than European 
colonies fed similarly. This apiary exhibited the highest colony and 
honey weights. In a second apiary, significant differences in colony 
weights were detected between colonies fed one or three liters of sugar 
syrup. Africanized colonies fed one liter had higher colony and honey 
weights. These data support previous work where European bees were 
observed to be better honey producers in areas with stronger nectar 
flows, while the reverse was observed for Africanized bees. Finally, 
feeding three liters of sugar syrup twice a week proved detrimental to 
colony build up.
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INTRODUCTION
With the advancement of Africanized honey bees toward the United 
States, information is required in order to determine if present 
beekeeping practices need be modified in order to accommodate changes 
brought about by possible differences from European honey bees in 
biology and behavior. Three main aspects were considered and compared 
between Africanized and European honey bees in the neotropics; pollen 
foraging, nectar foraging and honey production.
A twelve month study was undertaken in Venezuela where pollen 
collection was considered. We studied whether Africanized and European 
honey bees differ in their collection of pollen. Descendants 
(Africanized honey bees) of the African honey bee Apis mellifera 
scutellata (formerly, A. m. adansonii; Ruttner, 1976) have dispersed and 
established populations throughout South and much of Central America. In 
the process they have displaced the European honey bee (chiefly, A. m. 
ligustica L.). Such success is attributed in part to the capacity of the 
Africanized honey bee to cast multiple swarms (Otis, 1977; Winston, 
1979). Increases in swarming rates should be related to increased pollen 
collection because, without ample amounts of pollen increases in brood 
rearing would not be feasible. Pollen is the main source of protein and 
fat of honey bees (Dietz, 1975). Specific hypotheses tested were: (1) Do 
Africanized and European honey bees differ in the number of pollen 
foragers? (2) Do individual pollen foragers of each geographical type
1
2collect similar amounts of pollen?
A second consideration was nectar foraging and honey storage. 
Floral resources used by honey bees (Apis melllfera L.) follow annual 
patterns of nectar secretion and availability in both temperate (Crane* 
1975; Oertel et al., 1980) and tropical ecosystems (Frankie et 
al.» 1974; Roubik, 1979; Augspurger, 1983). These differences In 
flowering patterns should result In detectable differences in foraging 
behavior by bees adapted to each environment. Indirect evidence of 
differences in foraging patterns by the two geographical types is the 
success of Africanized honey bees in colonizing South America, when 
compared to the failure of European honey bees to establish a large 
feral population in the same ecosystem after two centuries of repeated 
introductions (Winston and Katz, 1982). If two geographical types of 
bees evolve under the selective pressures of different ecological 
scenarios, measurable differences should be detectable in their patterns 
of nectar collection. This study compares nectar foragers of European 
and Africanized honey bees throughout a year in Venezuela. It assesses 
how each geographical type regulates foraging intensity and nectar 
resource selection under the same environment. Specific hypotheses 
tested were; Do Africanized and European honey bees differ (1) in 
numbers of nectar foragers? (2) in numbers of foragers that collect 
nectar and pollen? (3) in numbers of total nectar foragers? (4) in 
volume of the nectar load per successful forager? (5) in the 
concentration of sugar of the nectar load per successful forager7 (6) in 
joules contributed to the colony per successful (7) and per average 
forager? (8) in amounts of stored honey between the two geographical 
types? (9) Do these variables interact with season and (10) management
strategy?
Thirdly, and simultaneously with the previous experiments, a ten 
month study was undertaken where honey production by the two 
geographical types was considered. Feeding honey bee colonies (Apis 
mellifera L.) with dietary supplements prior to nectar and pollen flows 
has resulted in increased brood production and foraging activity (Crane, 
1950; Sheesley and Foduska, 1968; Standifer et al., 1970, 1971).
Colonies that are fed prior to the nectar flow should attain larger 
populations, which should in turn should result in a larger proportion 
of their population being available for foraging. This could translate 
into increased' collection of nectar and possibly into storage of honey 
during a period normally utilized for population buildup. This study 
assesses the effect of feeding sugar syrup prior to the commencement of 
the nectar flow on colony weight and honey production of Africanized and 
European honey bees. It also examines differences in colony weight and 
honey production between the two geographical types. Specific hypotheses 
tested were: (1) Were there differences in colony weight between 
Africanized and European honey bee colonies? (2) Were there differences 
in colony weight when Africanized and European colonies were fed one or 
three liters of sugar syrup twice a week? (3) Were there differences in 
colony weight from colonies fed one liter or three liters of sugar syrup 
twice a week? (4) Were there any significant interactions between these 
variables?
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7Summary
A study of pollen collection by Africanized and European honey bees was 
conducted In Venezuela. Africanized honey bees had a larger proportion 
of their foraging force foraging for pollen and therefore collected 
Bigniflcantly larger quantities of pollen. This higher amount of 
collected pollen provides the protein necessary to support increased 
brood production and thereby increases the opportunities for Africanized 
honey bee colonies to cast multiple swarms through an annual cycle.
Introduction
Descendants (Africanized honey bees) of the African honey bee Apis 
mellifera scutellata (formerly, A. m. adansonll; Ruttner, 1976) have 
dispersed and established populations throughout South and much of 
Central America. In the process they have displaced the European honey 
bee (chiefly, A. m. ligustica L.). Such success is attributed in part to 
the capacity of the Africanized honey bee to cast multiple swarms (Otis, 
1977; Winston, 1979). Increases in swarming rates should be related to 
increased pollen collection because without ample amounts of pollen, 
increases in brood rearing would not be feasible. Pollen is the main 
source of protein and fat of honey bees (Dietz, 1975).
We studied whether Africanized and European honey bees differ in 
their collection of pollen. Specific hypotheses tested were: (1) Do 
Africanized and European honey bees differ in the number of pollen 
foragers? (2) Do individual pollen foragers of each geographical type or 
form* collect similar amounts of pollen?
8Materials and Methods
The experiments were conducted six km southwest of Sarare, Estado Lara, 
Venezuela. The floral resources available to the experimental honey bees 
were those of a deciduous, lowland forest, surrounded by patches of 
secondary successional grassland.
Two apiaries, one Africanized (AF) and the other European (EU), 
each with 20 colonies, were located 50 m from each other. Two different 
management strategies were employed in this study. In one strategy, 10 
of 20 colonies per geographical type were randomly chosen and once a 
month throughout the experimental period were equalized. This involved 
the estimation of the amounts of capped brood and adult honey bees in 
the colonies by lifting each frame in the colony and estimating, to the 
nearest one sixteenth of a frame side, how much capped brood and bees 
were present. Corrections for the smaller size of Africanized honey bees 
were incorporated into the estimate. The mean population size was 
calculated for the equalized colonies for the two geographical types and 
the population of each colony was adjusted to the corresponding mean 
value by adding or removing frames of brood and bees. This resulted in 
an Africanized apiary with ten equalized and ten non-equalized colonies 
and an European apiary with ten equalized and ten non-equalized 
colonies.
*The European honey bees used in this study were from North America.
Such honey bees have in their ancestry representatives of several 
subspecies. Africanized honey bees are descendants of Apis melllfera 
scutellata imported from Africa and their hybrids with the various 
subspecies previously imported Into Brazil. Neither of the honey bees 
constitutes a subspecies nor a race, so their populations will be 
designated geographical type to indicate that the honey bees showed 
characteristics typical of temperate or tropical adapted honey bees.
9The non-equallzed colonies of each geographical type were left to 
expand their nest at their natural rate. This procedure allowed for the 
effective comparison of pollen collection under similar and dissimilar 
colony populations.
On each day of the experiment, thirty foragers were collected 
from each of five Africanized and five European colonies per apiary and 
their pollen loads were examined. Colony sampling order per geographical 
type was chosen at random. Remaining colonies were sampled on successive 
days. During 06:45-06:50 AM the entrances of the colonies were closed 
using entrance blocks; foraging bees that were back by 07:00-07:05 were 
collected using hollow cylinders provided with a top and a plastic bag 
attached to the bottom. Once in the cylinder, honey bees would fly 
towards the sun and into the collecting bag. When approximately 30 honey 
bees per colony had been collected, the bags were removed from the 
cylinder and placed in a cooler with ice to reduce their metabolic 
activity and therefore movement and possible loss of the pollen load.
In the laboratory, 30 foragers were chosen at random. Pollen was 
then removed from the corbicula with tweezers, pooled for the colony and 
dried in an oven for 72 hours at 60°C. Its weight was then recorded to 
the nearest milligram, using an electronic balance. Nectar and 
water were determined using a hand held refractometer, any value higher 
than 5% dissolved solids was considered nectar. Foragers were sorted 
according to whether they collected pollen, pollen and nectar, pollen 
and water or were a non-pollen forager.
The same collecting procedure was repeated each day for four days 
until all 40 colonies were tested. Each four-day test constituted a
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trial. Each trial was repeated once a week during the last three weeks 
of each month. The study was performed from March 7, 1983 through 
January 31, 1984. Data were averaged over months to compare rainy 
(April-September) vs. dry season (October-March). A total of 618 samples 
per geographical type (30 bees per sample) were Included in the statis­
tical analysis. The variables used to test the hypothesis between 
geographical type differences were: (1) total numbers of pollen foragers 
and (2) mean mass (mg) of pollen per pollen forager.
ANOVA procedures were performed on the data for a completely 
randomized design with a 2x2x2 factorial treatment arrangement of 
Geographical type (Geo-type), Management strategy (Eq) and Season 
(Season). Initial ANOVA procedures were performed on a split plot 
design; however, error (a) for the main plot and error (b) for the 
subplot were not significantly different and the error terms were 
pooled. Any probability lower than 0.05 was considered significant.
Results
Management strategy
Non-significant differences were observed throughout the study in 
numbers of pollen foragers from equalized vs. non-equalized colonies for 
geographical type and seasons. Therefore, differences in population size 
had no apparent effect on pollen foraging (Tables 1,3).
Pollen foragers
Africanized honey bees had twice as many foragers (AF = 15.17 ± 2.26; 
Least square mean ± Standard Error) returning to the colony with pollen 
as compared to European honey bee foragers (EU = 7.95 ± 0.09). A
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significant Interaction (P<0.0159) between season and geographical type 
(Table 1) was detected because Africanized honey bees had significantly 
higher numbers of pollen foragers in the dry season. European honey bees 
exhibited no apparent seasonal differences (Table 2).
Pollen foragers fell into three general categories: (1) pollen 
foragers that collect pollen only, (2) pollen foragers that in addition 
collect nectar and (3) pollen foragers that in addition collect water. 
The largest fraction of the pollen foragers foraged for pollen only 
(Figure 1). Significant geographical type differences were detected 
(P<0.0001) as a result of Africanized honey bees having higher numbers 
of foragers that collected pollen only (AF « 10.05 ± 0.33) compared to 
European foragers (EU = 4.99 ± 0.33). Significant seasonal differences 
(P<0.0001) were detected as a result of both types of honey bees having 
a larger number of foragers returning with pollen only in the rainy 
season (Rainy *= 10.01 ± 0.27) and reduced numbers in the dry season (Dry 
- 5.03 ± 0.38).
Pollen foragers that also collected nectar were second in numbers 
to foragers that collected pollen only, and were observed mostly during 
nectar flow conditions. During the rainy season, when no nectar sources 
were available, no apparent geographical type differences (P<0.7789) 
were observed. However, once the nectar flow began, significant 
geographical type differences were detected (P<0.0001). Africanized 
foragers had higher numbers of pollen foragers that also collected 
nectar (AF = 9.41 ± 0.42) compared to the European foragers (EU = 4.75 ± 
0.42). However non-significant geographical type differences were 
observed in the rainy season (AF = 0.61 ± 0.29) vs. (EU ° 0.72 ± 0.29)
Table 1. ANOVA procedure on number of foragers that were engaged in 
pollen foraging for Geographical Type (Geo-type), Management strategy 
(Eq) and Seasons. (Geo-type), Africanized or European honey bees;
(Eq), equalized or non-equalized; (Seasons), rainy or dry season.
Source df F P
Season 1 7.11 0.0090
Eq 1 0.05 0.8262
Season X Eq 1 1.33 0.2514
Geo-type 1 133.13 0.0001
Season X Geo-type 1 6.02 0.0159
Eq X Geo-type 1 0.67 0.4159
Season X Eq X Geo-type 1 0.50 0.4830
Error 98
Sum Square Error 9697.84
Table 2. Least square means ± standard errors for number of foragers 
engaged in pollen foraging by Africanized and European honey bees for 
the rainy season (April-September) and dry season (October-March). 
Means not followed by a common letter differ significantly, based on 
LSD calculated at an alpha level of 0,05. n = number of observations 
per mean.
__________________Season___________________
Dry Season n________ Rainy Season n
Geographical type
Africanized 16.8 ± 0.7a 200 13.6 ± 0.5b 418
European 8.0 ± 0.7c 199 7.9 ± 0.5c 420
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Fig. 1. Numbers of pollen foragers by month, from March 1983 through 
January 1984, which were engaged in: pollen foraging only, pollen and 
nectar foraging, and pollen and water foraging. The rainy season began 
in April and ended in September, the dry season began in October and 
extends through March.
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and this led to a significant season by geographical type interaction 
(P<0.0001).
Pollen per successful pollen forager
When mass of pollen per successful forager was considered, no 
differences between geographical types (P<0.7991) were observed (Table 
3). Seasonal differences were detected (P<0.0021) as a result of both 
types collecting more pollen during the dry season (Table 4). Therefore, 
pollen foragers of both geographical types collected the same amount of 
pollen per foraging trip.-
Discussion
Africanized honey bees collect more pollen than European honey bees, 
early in the morning. Danka (1985) observed in a study conducted at the 
same site, that at 07:00 AM numbers of foragers of both geographical 
types are significantly higher than for the rest of the day, however, 
Africanized pollen foragers were consistently higher in numbers than 
European pollen foragers throughout the day.
Africanized honey bees also exhibit an unusually high swarming 
rate (Otis, 1977; Winston, 1979). This higher swarming rate has been 
considered a major factor contributing to the successful spread of 
Africanized honey bees through the Americas. Increased pollen collection 
may be a major supporting mechanism underlying the Increased swarm 
production by Africanized honey bees. If a colony is to increase its 
reproductive output by producing more swarms and after-swarms in a 
season, they need more protein to rear the numbers of honey bees needed
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Table 3. ANOVA procedure on mass (mg) of pollen per successful forager 
for Geographical Type (Geo-type), Management strategy (Eq) and Seasons. 
(Geo-type), Africanized or European honey bees; (Eq), equalized or 
non-equalized; (Seasons), rainy or dry season.
Source df F P
Season - 1 10.03 0.0021
Eq 1 0.07 0.7944
Season X Eq 1 1.13 0.2900
Geo-type 1 0.07 0.7991
Season X Geo-type 1 0.48 0.4916
Eq X Geo-type 1 0.01 0.9032
Season X Eq X Geo-type 1 0.89 0.3491
Error 98
Sum Square Error 0.0013153
Table 4. Least square means ± standard errors for mass (mg) of pollen 
per successful pollen forager for Africanized and European honey bees 
for the rainy season (April-September) and dry season (October-March). 
Means not followed by a common letter differ significantly, based on LSD 
calculated at an alpha level of 0.05. n » number of observations per 
mean.
_______________ Seasons__________________
Dry Season n__________ Rainy Season n
Geographical type
Africanized 4.4 ± 0.3a 200 3.8 ± 0.2b 418
European 4.6 ± 0.3a 199 3.7 ± 0.2b 420
17
for such swarms. Increasing the collection of pollen assures that they 
obtain the necessary protein and fat to meet the nutritional demands of 
Increased brood rearing. More larvae translates into more adult honey 
bees needed to assure the presence of sufficient numbers of honey bees 
to increase swarming rates. Africanized colonies with large amounts of 
brood just prior to swarming and absconding were observed by Winston 
(1979) in French Guiana. Incorporation of pollen into the honey bee diet 
has resulted in increased brood production (Sheesley and Poduska, 1968; 
Standifer et al., 1970; Kulincevic et al., 1982). Kulincevic et al. 
(1983) reported reductions in brood production for honey bee colonies 
provided with inadequate protein sources.
The lowest number of foragers for both types of honey bees was 
observed during the rainy season. These trends correspond with seasonal 
fluctuations in floral resources In the tropics (Frankie et al., 1974; 
Roubik, 1979; Augspurger, 1983). Not only are floral resources less 
abundant during the rainy season, but their presence is no guarantee 
that pollen is available. None the less, even under the most adverse 
conditions of the rainy season, Africanized honey bees consistently had 
larger numbers of foragers returning to the colony with pollen.
A curious point was the observation of pollen foragers that also 
were engaged in water collecting. At 07:00 AM it is most likely that 
this water is being utilized for dilution of honey used in the feeding 
of larvae and not for temperature control of the nest. The temperature 
during this part of the day averaged 23°C, even during the hot, dry 
season. Africanized foragers had lower numbers of pollen foragers that
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also collected water, both during the dry season (AF Dry = 0.25 ± 0.08) 
and during the rainy season (AF Rainy ■ 0.12 ± 0.06). By comparison, 
European foragers had 0.71 + 0.08 foragers returning with pollen and 
water in the dry season and 0.49 ± 0.06 in the rainy season.
Because Africanized honey bees have higher numbers of foragers 
collecting pollen, they could be better pollinators than European honey 
bees. However, before this conclusion can be reached, more detailed 
studies are needed. Such studies must consider the effect of Africanized 
honey bee defensive, swarming and absconding behavior, as well as the 
effect of populations of feral bees on the commercial pollination of 
agricultural crops.
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S u m m a ry
A one year study was conducted on nectar foraging and honey storage by 
Africanized (tropical) and European (temperate) honey bees. Distinctly 
different patterns in nectar foraging by the two geographical types were 
found. Africanized honey bees had lower proportions of their foraging 
force engaged in foraging for nectar only, but had a higher proportion 
foraging for both nectar and pollen. In addition, Africanized bees 
collected lower volumes of nectar per foraging trip than European honey 
bees, but returned to the colony with nectars having a higher sugar 
content. The two geographical types of honey bees contributed similar 
amounts of joules (energy) per average forager and, therefore, made 
similar net contributions of carbohydrate energy to the colony. However, 
European colonies always had more stored honey than Africanized 
colonies. Although the two geographical types of honey bees exhibit 
different foraging patterns, these differences cannot account for all 
the observed differences in stored honey. Several testable hypotheses 
are presented to explain the observed differences in stored honey.
Introduction
Floral resources used by honey bees (Apis mellifera L.) follow annual 
patterns of nectar secretion and availability in both temperate (Crane, 
1975; Oertel et al., 1980) and tropical ecosystems (Frankie et al.,
1974; Roubik, 1979; Angspurger, 1983). These differences in flowering 
patterns should result in detectable differences in foraging behavior by 
bees adapted to each environment, Rinderer et al. (1984) suggest that 
both types of honey bees are adapted to foraging under resource 
conditions typical of their respective ecological areas. The two
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geographical types were observed to behave differently under different 
nectar flov conditions with European honey bees having a higher number 
of foragers leaving the colony, and a higher number of successful nectar 
foragers for two nectar periods (Rinderer et al., 1985). In addition 
European foragers collected larger volumes of nectar in both nectar flow 
periods. Concentration of sugar per nectar load varied with nectar flow 
period but not with geographical type. Successful European nectar 
foragers contributed more joules to the colony than successful 
Africanized nectar foragers. The reverse was reported for the average 
forager per sample. Africanized foragers, on average contributed with 
more carbohydrates to the colony than European honey bees. Finally, the 
authors suggest that the greater proportion of foragers in the European 
colonies strongly affects their net honey yield.
Indirect evidence of differences in foraging patterns by the two 
geographical types is the success of Africanized honey bees in 
colonizing South America, when compared to the failure of European honey 
bees to establish a large feral population in the same ecosystem after 
two centuries of repeated introductions (Winston and Katz, 1982). In 
addition, European honey bees alter the proportions of foraging bees 
collecting nectar, pollen, and nectar and pollen depending on the amount 
of empty comb surface area present in the nest (Erickson et: al., 1973; 
Rinderer and Hagstad, 1984). Whether Africanized honey bees respond to 
different stimuli is not known.
If two geographical types of bees evolve under the selective 
pressures of different ecological scenarios, measurable differences 
should be detectable in their patterns of nectar collection. A 
geographical type would contribute higher quantities of joules for
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carbohydrate metabolism and storage If it, (a) had more foragers, (b) 
had a higher number of the total foraging force collecting nectar, (c) 
collected larger volumes of nectar per foraging trip, (d) collected 
nectars with higher sugar concentration, (e) made more foraging trips, 
or (d) had a combination of the above.
This study compared nectar foraging by European and Africanized 
honey bees throughout a year in Venezuela. It assesses how each 
geographical type regulates foraging intensity and nectar resource 
selection under the same environment. As such, it also provides a 
definitive test of the hypotheses of Rinderer et al, (1984, 1985) and 
permitted the testing of hypotheses inaccessible with their short term 
studies and smaller sample sizes. Specific hypotheses tested were: Do
Africanized and European honey bees differ (1) in the numbers of nectar 
foragers? (2) in the numbers of foragers that collect nectar and pollen? 
(3) in numbers of total nectar foragers? (4) in volume of the nectar 
load per successful forager? (5) in the concentration of sugar of the 
nectar load per successful forager? (6) in joules contributed to the 
colony per successful (7) and per average forager? (8) In the amounts of 
stored honey between the two geographical types? (9) Do these variables 
interact with season and (10) management?
Materials and Methods
The experiments were conducted six km southwest of Sarare, Estado Lara, 
Venezuela. The floral resources available to the experimental honey bees 
were those of a deciduous, lowland forest, surrounded by patches of 
secondary successional grassland.
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Two apiaries, one Africanized (AF) and the other European (EU), 
each with 20 colonies, were located 50 in from each other. Two different 
management strategies were employed in this study. In one strategy, 10 
of 20 colonies per geographical type were randomly chosen and once a 
month throughout the experimental period were equalized. This involved 
the estimation of the amounts of capped brood and adult honey bees in 
the colonies by lifting each frame in the colony and estimating, to the 
nearest one sixteenth of a frame side, how much capped brood and bees 
were present. Corrections for the smaller size of Africanized honey bees 
were incorporated into the estimate. The mean population size was 
calculated for the equalized colonies for the two geographical types and 
the population of each colony was adjusted to the corresponding mean 
value by adding or removing frames of brood and bees. This resulted in 
an Africanized apiary with ten equalized and ten non-equalized colonies 
and an European apiary with ten equalized and ten non-equalized 
colonies.
The non-equalized colonies of each geographical type were left to 
expand their nest at their natural rate of expansion. This procedure 
allowed for the effective comparison of pollen collection under similar 
and dissimilar colony populations.
Honey production was assessed by weighing the colonies of each 
geographical type at the end of the nectar flow season. Each colony was 
placed, by means of straps, on a hanging scale. The scale was suspended 
from a swinging boom located at the right tail-end of the platform of a 
four-wheel drive truck. Colony weights were recorded every two weeks, 
for ten months; however, for purposes of this study, only colony weights
26
at harvest time (December) were considered.
On each day of the experiment, 30 foragers were collected from 
each of five Africanized and five European colonies per apiary and their 
nectar loads were examined. Colony sampling order per geographical type 
was chosen at random. Remaining colonies were sampled on successive 
days. During 06:45-06:50 AM the entrances of the beehives were closed 
using entrance blocks. Foraging bees that were back by 07:00-07:05 were 
collected using hollow cylinders provided with a top and a plastic bag 
attached to the bottom. Once in the cylinder, honey bees would fly 
towards the sun and into the collecting bags. When approximately 30 bees 
per colony had been collected the bags were removed from the cylinder 
and placed in a cooler with ice to reduce their metabolic activity. 
Within five minutes, the honey bees were placed in a freezer for 30 min 
to kill the bees and to avoid the regurgitation problems encountered 
UBing other killing methods (Gary and Lorenzen, 1976; Sylvester et al., 
1983). This procedure minimized accidental stinging while handling the 
bees and avoided the use of cyanide.
Thirty foragers were chosen at random, examined and indexed 
according to presence, volume and sugar concentration in the nectar 
load. This was done by decapitating the honey bee and squeezing the 
abdomen between the thumb and forefinger so that the contents of the 
nectar-sac would flow through the oesophagus and into a 50 pJl 
micropipette calibrated to 5 Sugar concentration was considered 
equivalent to total amount of dissolved solids and was determined using 
a hand-held refractometer. The amount of energy (joules) contributed to 
the colony by each geographical type was calculated as a curvilinear 
relation between volume and percent sugars (Bolten et al., 1979).
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The same collecting procedure was repeated each day for four days 
until all 40 colonies were tested. Each four-day test constituted a 
trial. Each trial was repeated once a week during the last three weeks 
of each month. The study was performed from March 7, 1983 through 
January 31, 1984. Data were averaged over months to compare rainy 
(April-September) vs. dry season (October-March). A total of 618 samples 
per geographical type (30 bees per sample) were Included in the 
statistical analysis. The variables used to test the null hypothesis in 
each case were, (1) numbers of nectar foragers (2) numbers of nectar 
foragers that also collected pollen (3) total nectar foragers (nectar + 
nectar and pollen) (4) volume of the nectar load per successful nectar 
forager (5) sugar concentration of the nectar load per successful nectar 
forager (6) joules per successful nectar forager (7) joules per average 
forager (the total amount of energy contributed by successful foragers 
divided by the total number of foragers in the sample) and (8) honey 
production.
ANOVA procedures were performed on the data for a completely 
randomized design with a 2x2x2 factorial treatment arrangement of 
Geographical Type (Geo-type), Management (Eq) and Season (Season). 
Initial ANOVA procedures were performed on a split plot design; however, 
error (a) for the main plot and error (b) for the subplot were not 
significantly different and the error terms were pooled. Any probability 
lower than 0.05 was considered significant.
Results
Nectar foraging by Africanized and European honey bees closely followed 
the changes in nectar secretion and availability for the study area.
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These changes are determined in large measure by the seasonal patterns 
of temperature and rainfall of the area (Figure 1). In the tropics the 
nectar flow occurs during the dry season, when the least rainfall and 
highest temperatures are observed. Lower number of workers foraged for 
nectar during the rainy season (Aprll-September). During this time not. 
only are there•reduced numbers of flowers, but nectar can be washed from 
the flowers with the lightest shower activity.
Nectar Foragers
European colonies had 2.5 times more foragers returning with only nectar 
(EU « 8.54 ± 0.33) as compared to Africanized colonies (AF » 5,85 ±
0.54)(P<0.0001; Table 1). A significant season by geographical type 
interaction was detected (P<0.0001) as a result of European colonies 
having significantly higher numbers of nectar foragers during the dry 
season when compared to Africanized colonies. The two honey bee types 
had reduced numbers of nectar foragers returning with nectar during the 
rainy season.
A significant management by geographical type interaction was 
detected (P<0,0001; Table 1). Equalized Africanized colonies had lower 
numbers of nectar foragers in the field compared to non-equalized 
colonies (EQ = 2.58 ± 0.47; Non-Eq = 4.20 ± 0.47). European colonies did 
not exhibit any difference between equalized and non-equalized 
management (EQ = 8.23 ± 0,47; Non-Eq = 8.26 ± 0.47) and in both cases 
had higher numbers of nectar foragers than Africanized colonies.
Nectar and pollen foragers
Africanized foragers had twice as many foragers returning with loads of
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Figure 1. Total monthly rainfall (mm), monthly mean daily temperature 
(°C) and total nectar foragers for Africanized and European honey bees, 
from February 1983 to January 1984. The rainy season began in April and 
ended in September, the dry season began in October and extends through 
March.
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table 1. Lease square means * standard errors for numbers of honey bee foragers (from sample of 30 bees) that collected nectar only, foragers 
that collected nectar and pollen, total nectar foragers, mlcroliters (vol.) and percent sugar of nectar loads of successful foragers. Joules 
per successful and Joules per average total nectar foragers, for Geographical Type (Geo-type), Management Strategy (Eq) and Season. (Geo-type), 
Afrlcanlted or European honey bees; (Ration), one or three liters of sugar syrup; (Season), rainy and dry. ANOVA table with sources of variation, 
F values and probability values are presented under respective column, n “ number of observations per mean.
n
Nectar only 
X l SE
Nect & Poll 
X 1 SE
Total Nectar 
X £ SE
Vol./succ. 
X 1 SE
Z Sugar/succ. 
X 1 SE
Joules/succ. 
X 1 SE
Joules/avg. 
X £ SE
Geo-type
Africanized 618 3.39 £ 0.33 b 5.01 ♦ 0.25 a 8.40 ± 0.41 b 11.92 1 0.33 b 33.45 * 0.68 a 21.83 t 2.38 a 2.05 1 0.29 a
European 619 8.54 + 0.33 a 2.74 1 0.25 b 11.28 ± 0.41 a 13.99 * 0.29 a 29.43 1 0.60 b 17.22 ± 2.11 a 2.77 l 0.29 a
Season X Geo-type
Africanized
Dry season 200 5.85 + 0.54 a 9.41 ♦ 0.42 a 15.26 + 0.67 a 13.46 + 0.41 a 31.82 4 0.64 b 8.66 1 2.96 b 3.03 i 0.46 a
Rainy season 418 0.92 + 0,38 b 0.61 * 0.29 b 1.53 ♦ 0.47 b 10.39 t 0.51 b 35.09 ♦ 1.06 a 35.00 ± 3.72 a 1.07 £ 0.33 b
European bees
Dry season 199 14.54 0.54 a 4.75 ± 0.42 a 19.30 ± 0.67 a 15.42 + 0.40 a 28.31 J 0.82 b 6.37 £ 2.90 b 3.72 * 0.46 a
Rainy season 420 2.54 ♦ 0.38 b 0.73 + 0.29 b 3.27 + 0.47 b 12.55 4- 0.42 b 30.54 4 0.87 a 26.06 £ 3.07 a 1.82 ± 0.33 b
Management X Geo-type
Equalized •'u
Africanized 309 2.58 £ 0.47 c 4.95 ± 0.36 a 7.53 £ 0.56 b 11.18 £ 0.49 b 34.17 ± 1.00 a 26.81 £ 3.52 a 1.9B ± 0.41 a
European 310 8.23 ± 0.47 a 2.93 ± 0.36 b 11.76 1 0.58 a 13.54 ± 0.41 a 28.52 ±0.84 b 13.74 £ 2.96 b 2.27 ± 0.40 a
Non-equalized
Africanized 309 4.20 £ 0.47 b 5.07 £ 0.36 a 9.27 £ 0.58 a 12.67 £ 0.44 b 32.73 ± 0.91 ab 16.85 £ 3.19 a 2.12 i 0.40 b
European 309 8.26 * 0.47 a 2.54 * 0.36 b 10.80 i 0.58 a 14.43 ± 0.41 a 30.33 £ 0.86 b 20.71 ± 3.02 a 3.27 I 0.41 a
Source df F P F P F P F P F P F P F P
Season (S) 1 323.61 0.0001 316.82 0.0001 661.81 0.0001 45.96 0.0001 9.32 0.0030 57.05 0.0001 22.83 0.0001
Management (H) 1 1.25 0.2662 0.14 0.7086 0.46 0.5003 7.38 0.0079 0.04 0.8395 0.22 0.6401 2.00 0.1610
S X H 1 1.58 0.2113 0.24 0.6274 0.52 0.4729 0.97 0.3281 24.68 0.0001 1.12 0.2923 5.29 0.0236
Geotype (G) 1 119.93 0.0001 39.71 0.0001 24.86 0.0001 22.14 0.0001 19.88 0.0001 2.10 0.1506 3.17 0.0780
S X G 1 56.47 0.0001 43.91 0.0001 3.95 0.0498 0.06 0.8076 0.33 0.5659 0.53 0.4664 0.00 0.9484
H X G 1 5.39 0.0223 0.50 0.4812 5.43 0.0218 0.47 0.4948 3.26 0.0744 7.08 0.0092 1.14 0.2893
S X M X C .1 0.34 0.5636 0.04 0.8451 0.12 0.7275 0.22 0.6395 4.02 0.0480 3.35 0.0706 1.83 0.1793
Error 98
Sum Square Error 5479.97 3211.97 8276.68 2657.12 11269.07 139839.49 3816 93
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both nectar and pollen to the colony (AF « 5.01 ± 0.25) when compared to 
European foragers (EU = 2.74 ± 0.25) (P<0.0001; Table 1). A significant 
season by geographical type interaction (P<0.0001) was detected. There 
were non-significant differences during the rainy season between the two 
geographical types, while Africanized honey bees had significantly 
higher numbers of nectar and pollen foragers during the dry season.
Total nectar foragers
European honey bees had higher total numbers of nectar foragers 
returning to the colony (EU = 11.28 ± 0.41) than Africanized honey bees 
(AF = 8.40 ± 0.41) (P<0.0001; Table 1). A significant management by 
geographical type interaction was detected (P<0.0218) as a result of 
Africanized bees having higher numbers of total nectar foragers in the 
non-equalized colonies while European bees had higher numbers of total 
nectar foragers in the equalized colonies.
Volume (microliters) and sugar concentration of nectar loads per 
successful forager
European nectar foragers returned to the colony with significantly 
larger volumes of nectar (EU « 13.99 ± 0.29) than Africanized foragers 
(AF » 11.92 ± 0.33) (P<0.0001; Table 1), Larger volumes were recorded 
during the dry season for the two honey bee types. Africanized foragers 
returned to the colonies with nectars of higher sugar concentration (AF 
■ 33.45% ± 0.68%) when compared to European foragers (EU = 29.43% ± 
0.60%)(P<0001;Table 1).
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Joules per successful nectar forager and per average forager 
A significant management by geographical type interaction was detected 
(P<0.0092), Africanized colonies contributed with more joules per 
successful forager than European colonies (Table 1). Non-significant 
differences were observed In joules per average forager between 
geographical types, AF = 2.05 ± 0.29, EU = 2.77 ± 0.29 (P<0.7800; Table 
1) .
Honey production
Africanized honey bee colonies were observed to consistently have less 
stored honey regardless of management. Overall, European colonies 
averaged 52.5 kg while Africanized colonies averaged 32.0 kg (P<0,0001; 
Table 2).
Discussion
Regardless of management, European colonies consistently had at least 
twice as many foragers in the field engaged in foraging for nectar only 
than did Africanized colonies. Thus, they devoted a significantly larger 
proportion of their foraging force to foraging for nectar only. The 
increase in nectar foraging intensity of European honey bees should 
result in larger amounts of nectar available for storage as honey.
Africanized honey bees exhibited lower numbers of nectar foragers 
overall but had still lower numbers in colonies subjected to the 
equalization treatment. This is most likely due to the disturbing nature 
of the colony manipulation involved in equalizing the colony population 
to a mean density value. No management effect was observed for the 
European honey bees. The latter have been under the selection and
Table 2. ANOVA procedure on colony and honey weights (kg) for 
Geographical Type (Geo-type) and Management Strategy (Eq) during 
harvest season. Least square means ± standard errors on colony and 
honey weights, means not followed by a common letter differ 
significantly based on LSD calculated at an alpha level of 0.05. 
n “ number of observations per mean.
Management Strategy 
Equalized n Non-Equalized n
Geographical type 
Africanized 27.2 ± 4.5 d 10 37.2 + 4.5 c 10
European 58.9 ± 4.5 a 10 46.5 ± 4.5 b 10
Source df F P
Eq
Geo-type 
Geo-type X Eq 
Error
1
1
1
36
0.08
20.44
6.09
0.7855
0.0001
0.0185
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management of man for many decades and part of this selection has 
probably been for honey bees that are not adversely affected and 
possibly benefited by appropriate hive manipulation.
Africanized honey bees had a larger proportion of their foraging 
force engaged in foraging for both nectar and pollen than European honey 
bees. This results in an increased contribution of nectar to the colony 
in addition to that contributed by foragers that collect nectar only. 
Africanized bees, in this way, reduced the magnitude of the difference 
between European and Africanized bees in numbers of foragers from 2.52 
times more foragers that collected nectar only to 1.32 times in total 
nectar foragers. However, European honey bees still had a larger 
proportion of their foraging force engaged in total nectar foraging. 
Successful European nectar foragers consistently returned to the colony 
with higher volumes of nectar, suggesting differences in foraging 
behavior from Africanized honey bees. Larger volumes of nectar should 
result in larger contributions of carbohydrates to the colony by 
European honey bees.
The higher the absolute concentration of sugars present in the 
foraged nectars, the higher the energetic contribution to the colony and 
less the amount of energy spent in processing the nectar into honey. 
Successful Africanized nectar foragers returned to the colony with 
nectars having higher sugar concentrations than those collected by 
European honey bees. Higher sugar concentration per successful 
Africanized nectar forager result in higher contribution of joules to 
the colony per successful nectar forager. Moreover, when volume and 
percent sugar were combined, and joules per average forager were 
calculated, non-significant geographical type differences were observed.
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Therefore, although members of these two geographical types exhibit 
distinct differences In their nectar loads and foraging behavior, on 
average the two honey bee types contributed the same amounts of 
carbohydrates to the colony.
Honey storage by the two geographical types is important not only 
as a measure of reserves for periods of nectar unavailability but for 
practical considerations in apiculture. European honey bees had more 
stored honey regardless of management. Africanized honey bees produced 
more honey under non-equalized management conditions than under 
equalized conditions. This is likely the result of their being more 
susceptible to disruption by hive manipulation. Certainly they fly and 
move about more and become more intensely involved in colony defense 
than European colonies. Perhaps it takes them longer to reorganize after 
hive manipulation.
The consistent and significantly lower amounts of stored honey 
observed for Africanized honey bees is explained in part by the 
discussed differences in foraging behavior. However, these differences 
cannot account for all observed differences in stored honey. The higher 
number of foragers leaving the colony by European honey bees reported by 
Rinderer et al. (1985) may contribute, but again, cannot account for all 
the differences in stored honey.
Lower amounts of stored honey by Africanized honey bees could also 
be the result of their having a higher consumption of carbohydrates per 
colony as a result of their higher brood production. Africanized honey 
bees devote a larger proportion of their foraging force to the 
collecting of pollen (Pesante et al., 1985). These differences in pollen 
foraging correlate with an apparently higher demand by Africanized honey
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bees for pollen resources. Africanized honey bees in French Guiana were 
observed to cast a high number of swarms and afterswarms (Otis, 1977; 
Winston, 1979). A higher production of swarms should require a higher 
production of honey bees to accompany such swarms. Increased pollen 
collection should provide the corresponding quantities of protein to 
produce more honey bees. Colonies with larger areas of unsealed brood 
were observed to collect more pollen than colonies with smaller areas of 
unsealed brood (Free, 1967; Al-Trikity et al., 1972). Filmer (1932) 
observed an increase in pollen foraging activity with an increase in the 
amounts of brood.
Another factor which could possibly contribute to this difference 
in stored honey is that Africanized honey bees, as a result of their 
smaller weight (Otis, 1982), could have a higher metabolic rate per 
individual. This would increase the carbohydrate maintenance needs and 
lead to less stored honey.
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CHAPTER III.
HONEY PRODUCTION IN THE NEOTROPICS:
EFFECT OF DIFFERENTIAL FEEDING OF SUGAR SYRUP,
ON COLONY WEIGHTS OF AFRICANIZED AND EUROPEAN COLONIES
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Summary
Honey production was studied for ten months In Venezuela where the 
weights of colonies of Africanized and European honey bees were 
examined. Also under consideration was the effect on colony weight of 
supplemental feeding of sugar syrup, prior to the nectar flow. 
Significant geographical type differences in colony weights were 
detected In one apiary. Africanized colonies fed one liter of sugar 
syrup twice a week had lower colony weights than European colonies fed 
similarly. This apiary exhibited the highest colony and honey weights.
In a second apiary, significant differences in colony weights were 
detected between colonies fed one or three liters of sugar syrup twice a 
week. Africanized colonies fed one liter had higher colony and honey 
weights. These data support previous work where European honey bees were 
observed to be better honey producers in areas of stronger nectar flows, 
while Africanized honey bees hoarded more nectar under poor nectar flow 
conditions. Finally, feeding honey bee colonies three liters of sugar 
syrup twice a week proved detrimental to colony buildup.
Introduction
Feeding honey bee colonies (Apis mellifera L.) with dietary supplements 
prior to nectar and pollen flows have resulted in increased brood 
production and foraging activity (Crane, 1950; Sheesley and Foduska, 
1968; Standifer et al., 1970; 1971). In England, colonies fed sugar 
syrup approximately two brood cycles before the spring nectar flow had 
significantly more frames of brood than un-fed control colonies (Crane, 
1950). Standifer et al. (1970) in Arizona observed that colonies fed 
with Beevert (a pulverized carbohydrate mixture with 1% pollen dust),
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Inside the colony, from November through February, produced more brood 
and foraged more than un-fed control colonies. Similar results in 
increased brood area with supplemental feeding were reported by Sheesley 
and Poduska (1968) and Standifer et al. (1971).
Farrar (1930, 1931) reported that the proportion of sealed brood 
to adult honey bees decreases 10-12% with each increment in the 
population of 10,000 bees. As the worker population increases, a larger 
proportion of the population is available for foraging. Increases in the 
population of workers have translated in increased honey production per 
honey bee (Farrar, 1930; 1931; 1937; 1944: Moeller, 1961: Harbo, 1985) 
and increased efficiency of utilization of stored honey (Harbo, 1983).
Attainment of populous colonies is no guarantee of larger honey 
yields to the beekeeper (Nolan, 1925). Matching colonies with strong 
populations (30-50,000 bees) and an adequate foraging force (2-3 weeks 
old) with the nectar flow is important. However, nectar flows vary in 
space and time. Such unpredictability has contributed to the 
non-significant and even negative correlations of population numbers 
with honey yields reported in the literature (Farrar, 1937; Woyke,
1984).
Colonies that are fed prior to the nectar flow should attain 
larger populations, which should in turn result in a larger proportion 
of their population being available for foraging. This could result into 
increased collection of nectar and possibly into storage of honey during 
a period normally utilized for population buildup.
Beekeepers in areas occupied by Africanized bees are presently 
hindered not only by the defensive, swarming and absconding behavior of 
Africanized honey bees (Otis, 1977; Winston, 1979; Collins et al., 1982)
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but possibly by reduced yields of honey per colony (Rinderer et al.,
1985). In another study Africanized colonies consistently had lower 
weights than European colonies (Pesante et al., 1985). Competition for 
nectar and pollen resources from feral colonies could also reduce honey 
yields. Reports of up to 107.5 feral colonies of Africanized honey bees 
per km2 have been recorded in Mato Groso, Brazil (Kerr, 1971). 
Supplemental feeding of managed colonies should result in advantage over 
feral colonies.
With the advancement of the Africanized honey bee toward the 
United States, information is required on their biology and behavior to 
assess if present beekeeping practices need to be modified in order to 
accommodate possible changes in apiculture brought about by the 
colonization of Africanized honey bees into environments presently 
occupied by European honey bees. This study assesses the effect of 
feeding sugar syrup prior to the commencement of the nectar flow on 
colony weight and honey production of Africanized and European honey 
bees. It also examines differences in colony weight and honey production 
between the two geographical types. Specific hypotheses tested were: (1) 
Were there differences in colony weight between Africanized and European 
honey bee colonies? (2) Were there differences in colony weight when 
Africanized and European colonies were fed one or three liters of sugar 
syrup twice a week? (3) Were there differences in colony weight from 
colonies fed one liter or three liters of sugar syrup twice a week? (4) 
Were there any Interactions of significance between these variables?
Materials and Methods
The experiment was conducted at Sarare, Estado Lara, Venezuela, from
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March through December 1983. The floral resources available to the 
experimental honey bees were those of a tropical deciduous, lowland 
forest, surrounded by secondary successlonal grassland and farmland.
Two aplarleB, each with twenty colonies, were established two 
kilometers apart. Ten Africanized and ten European colonies were 
allocated at random in each apiary and randomly given two feeding 
treatments. Five of the colonies of each geographical type received each 
one liter of 50% (vol.) sugar syrup twice a week. The others received 
each three one-liter containers of syrup twice a week. The feeder 
containers were inverted over the top bars immediately above the brood 
nest, maximizing accessibility of syrup to the bees. All colonies 
received protein rations made of 50% (vol.) expeller process soybean 
flour, 50% granulated sugar and 5% fresh pollen. This material was fed 
as patties placed over the top bars above the brood nest and replaced 
weekly with new material so that bees could feed according to colony 
needs.
These differential sugar syrup feeding treatments were initiated 
on 6 June 1983 and were terminated on 28 October 1983, at the beginning 
of the nectar flow. Non-fed controls were not considered as honey bee 
populations would have been decimated if colonies were not fed during 
the rainy and intermediate seasons. Colonies were weighed every fifteen 
days for ten months (March through December 1983) and supers of honey 
(honey storage chambers) were removed when three quarters full and 
replaced with supers with foundation. In this way space was always 
available for ripening of nectar and storage of honey. The honey crop 
was removed and weighed in two ways: (a) by individual frame during weak 
nectar flow conditions and (b) by supers during stronger nectar flows.
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For the statistical analysis, based on harvest date, honey 
weights of each colony were re-lncorporated to colony weights. Initial 
ANOVA procedures were performed on a split plot design; however, error 
(a) for the main plot and error (b) for the subplot were not 
significantly different and error terms were pooled. ANOVA procedures 
were performed on the data for three completely randomized designs (CRD) 
with a 2X2X2 factorial treatment arrangement of Geographical type 
(Geo-type), Feed Ration (Ration) and Apiary (Apiary). (Geo-type), 
Africanized and European honey bees; (Ration), one or three liters of 
sugar syrup; (Apiary), apiary 1, and apiary 1. Three seasons were 
recognized and a separate CRD was performed on each season as the Sum of 
Square Error for each season varied considerably throughout the year 
(Table I). Because of the nature of the three way Interaction between 
geographical type, ration and apiary, ANOVA procedures were performed on 
six CRD's by season and apiary with a 2X2 factorial treatment 
arrangement of geographical type and feed ration. Any probability lower 
than 0.05 was considered significant.
Results
The honey production cycle for 1983 was divided into three seasons (Fig.
1), a rainy season which began in April and extended through June, an 
intermediate season between rainy and dry seasons (July-September) when 
rainfall per week began to diminish, and the dry season (October-Mareh) 
when rainfall steadily decreased to nearly no rain.
Table 1. ANOVA source table on colony weights (kg) for three CRD's by Season, rainy, 
intermediate and dry seasons with a 2X2X2 factorial treatment arrangement of Geographical 
Type, Feed Ration and Apiary. (Geo-type), Africanized and European honey bees; (Ration), 
one or three liters of sugar syrup; (Apiary), apiary 1 and apiary 2.
Rainy
Season
Intermediate
Season
Dry
Season
Source df F P F P F P
Geo-type 1 33.54 0.0001 0.00 0.9869 1.01 0.3146
Apiary 1 18.89 0.0001 0.69 0.4069 13.39 0.0003
Geo-type X Apiary 1 26.27 0.0001 1.92 0.1674 10.25 0.0015
Ration 1 1.43 0.2338 75.00 0.0001 0.66 0.4157
Ration X Apiary 1 0.98 0.3241 6.70 0.0104 5.17 0.0237
Geo-type X Ration 1 3.22 0.0742 7.17 0.0080 0.61 0.4342
Geo-type X Ration X Apiary 1 10.86 0.0012 10.60 0.0013 5.08 0.0249
Error 192 192 312
Sum Square Error 1061.27 7508.34 143754.05
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Fig. 1. Total monthly rainfall (mm) and mean daily high temperature (°C) 
for study site, from February 1983 to January 1984. Three seasons were 
identified; rainy season (April-June), an intermediate season between 
the rainy and the dry season (July-September) and the dry season 
(October-March). The differential sugar syrup feeding treatments were 
initiated on 6, June 1983 and were terminated on 28, October 1983.
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Rainy Season 
Apiary 1
A significant geo-type X ration interaction was detected (P<0.0001;
Table 2). Non-significant differences were observed between Africanized 
colonies fed three liters and European colonies fed one liter or between 
Africanized colonies fed one liter and European colonies fed three 
liters; however, colonies that registered the highest weights were 
significantly dlfferent.from lighter colonies regardless of geographical 
type (Table 3).
Rainy Season 
Apiary 2
Africanized colonies had higher colony weights than European colonies 
(P<0.0001) regardless of feeding treatment (Table 3).
Intermediate Season 
Apiary 1
A significant geo-type X ration Interaction was detected (P<0.0005;
Table 2). European colonies fed one liter of sugar syrup had 
significantly higher colony weights than Africanized colonies fed one or 
three liters and European colonies fed three liters of sugar syrup.
Intermediate Season 
Apiary 2
Significant differences in feed ration (P<0.0001) were detected in this 
apiary for the intermediate season (Table 2). Colonies fed one liter of 
sugar syrup had significantly higher colony weights than colonies fed
Table 2. ANOVA source table on colony weights (kg) for six CRD's by Season and Apiary
with a 2X2 factorial treatment arrangement of Geographical type (Geo-type) and Feed Ration.
(Ration). (Geo-type), Africanized or European honey bees; (Ration), one or three liters of
sugar syrup. Seasons, rainy, intermediate and dry. Apiary, apiary 1 and apiary 2.
Apiary 1 Rainy
Season
Intermediate
Season
Dry
Season
Source df F P df F P df F P
Geo-type 1 0.33 0.5689 1 0.72 0.3989 1 7.55 0.0067
Ration 1 0.03 0.8603 1 13.46 0.0004 1 0.91 0.3425
Geo-type X Ration 1 19.07 0.0001 1 12.86 0.0005 1 3.93 0.0492
Error 96 96 156
Sum Square Error 360.63 5140.93 84355.97
Apiary 2 Rainy
Season
Intermediate
Season
Dry
Season
Source df F P df F P df F P
Geo-type 1 45.13 0.0001 1 1.49 0.2256 1 2.91 0.0898
Ration 1 1.80 0.1823 1 100.32 0.0001 1 5.77 0.0175
Geo-type X Ration 1 0.85 0.3580 1 0.26 0.6082 1 1.31 0.2545
Error 96 96 156
SS Error 700.64 2367.41 59398.08
Table 3. Least square means ± standard errors of colony weights (kg) for Geographical Type (Geo-type) 
and Feed Ration (Ration). Data are presented for three seasons* rainy* Intermediate and dry seasons, and 
two apiaries* apiary 1. and apiary 2. (Geo-type), Africanized or European honey bees; (Ration), one or 
three liters of sugar syrup. Means not followed by a common letter differ significantly, based on LSD 
calculated at an alpha level of 0.05. n = Number of observation per mean* for each season.
Geo-type Sugar Syrup 
Ration
Rainy
Season
Intermediate
Season
Dry
Season
Apiary I
Africanized 21.24 0.27 a 10 28.94 + 1.03 a 13 45.14 + 2.60 b 11
European 21.02 + 0.27 a 10 30.18 + 1.03 a 10 55.25 + 2.60 a 10
1 liter 21.16 + 0.27 a 10 32.25 + 1.03 a 13 48.44 + 2.60 a 11
3 liters 21.10 + 0.27 a 10 26.88 + 1.03 b 10 51.95 2.60 a 10
Africanized 1 liter 20.43 + 0.47 b 5 29.00 + 1.25 b 8 39.75 + 3.39 b 6
Africanized 3 liters 22.05 + 0.47 a 5 28.89 + 1.25 b 5 50.54 + 3.39 a 5
European 1 liter 21.90 + 0.47 a 5 35.49 + 1.25 a 5 57.14 + 3.39 a 5
European 3 liters 20.14 + 0.47 b 5 24.88 1.25 b 5 53.35 + 3.39 a 5
Apiary 2
Africanized 24.39 + 0.38 a 11 29.43 + 0.70 a 11 44.05 + 2.18 a 12
European 20.76 0.38 b 10 28.22 + 0.70 a 13 38.78 + 2.18 a 11
1 liter 22.94 + 0.38 a 10 33.80 + 0.70 a 12 45.12 + 2.18 a 13
3 liters 22.21 + 0.38 a 11 23.85 + 0.70 b 12 37.71 + 2.18 b 10
Africanized I liter 25.00 + 0.47 a 5 34.67 ± 1.25 a 6 49.52 + 3.39 b 7
Africanized 3 liters 23.78 + 0.47 a 6 24.20 ± 1.25 b 5 38.58 + 3.39 a 5
European I liter 20.87 ± 0.47 b 5 32.94 + 1.25 a 6 40,72 + 3.39 a 6
European 3 liters 20.65 + 0.47 b 5 23.51 ± 1.25 b 7 36.84 + 3.39 a 5
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three liters of sugar syrup (Table 3). Non-significant geographical type 
differences were observed (Table 3).
Dry Season 
Apiary 1
A significant geo-type X ration interaction was detected (P<0.0492;
Table 2). Africanized colonies fed one liter of sugar syrup had 
significantly lower colony weights than Africanized and European 
colonies fed three liters of sugar syrup and European colonies fed one 
liter of sugar syrup (Table 3).
Dry Season 
Apiary 2
Significant differences in feed ration were detected (P<0.0175; Table
2). Colonies fed one liter of sugar syrup had the highest colony weights 
with Africanized colonies registering the highest colony weights. 
Non-significant differences were observed for Africanized colonies fed 
three liters and European colonies fed' one or three liters of sugar 
(Table 3; Figure 2).
Discussion
In apiary 1, Africanized colonies fed one liter of sugar syrup had 
significantly lower weights than European colonies fed similarly. The 
same geographical type trend was observed in another experiment 
performed simultaneously, where Africanized colonies consistently had 
the lowest weights of the two geographical types (Pesante et al., 1985). 
This apiary registered the highest colony weight gains regardless of
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Fig. 2. (a) Apiary 1.; (b) Apiary 2. Colony weights (kg) for Africanized 
and European honey bees exposed to one or three liters of sugar syrup 
twice a week, during three seasons, rainy (April-June), intermediate 
(July-September) and dry season (October- March).
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geographical type and feed ration. In apiary 2, Africanized colonies fed 
one liter had the highest weight gains, while the apiary registered the 
lowest gains in colony weight.
Colony weight gains during the nectar flow* after cessation of 
sugar syrup feeding, would be the result of Increases in biomass of 
bees, Increases in nectar collection and to a lesser extent pollen. 
However, by the nectar flow season most colonies have reached their 
maximum population size,, and although there are fluctuations resulting 
from the gain and loss of bees, increases in colony weight mostly 
reflect honey-welght gains.
These findings are in agreement with those presented by Rinderer 
et al. (1985) where Africanized honey bees were observed to produce more 
honey than European colonies under moderate to poor nectar flow 
conditions, while European colonies excelled Africanized honey bee 
colonies in honey production under good nectar flow conditions. They 
also help explain the reported increase in honey production per area by 
Africanized bees in locations previously unoccupied by European honey 
bees (Goncalves, 1975; Michener, 1975; Fletcher, 1978). Africanized 
honey bees seem better adapted to foraging under conditions similar to 
those in which they evolved (tropical), while European honey bees seem 
better adapted to exploit the resources present in temperate areas, an 
environment In which they evolved and subsequently were subjected to 
artificial selection for honey production. However, Africanized bees 
defensive, swarming and absconding behavior as well as their general 
lower honey production are factors that need be considered in the 
overall equation of a honey production enterprise.
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Colonies fed one liter of sugar syrup exhibited higher weight 
gains than colonies fed three liters. This was most noticeable during 
the intermediate season when the colonies were moderate in size (between 
five and eight frames of bees). Colonies with up to eight frames were 
observed to benefit the most from supplemental feeding with sugar syrup 
(Crane, 1950). However, the difference between the one and the three 
liters treatments was most likely caused by overfeeding sugar syrup. 
Honey bees in colonies fed three liters were regularly observed 
utilizing the brood nest area for ripening and storage of nectar, in 
this way reducing the available space for egg laying, affecting colony 
buildup and therefore colony weights.
Not only are Africanized honey bees an undesirable stock because 
of their defensive, swarming and absconding behavior (Otis, 1977; 
Winston, 1979; Collins et al., 1982) but also because they exhibit lower 
colony and honey-weight gains than European colonies. Feeding honey bee 
colonies with three liters of sugar syrup twice a week proved 
detrimental to colony buildup. Future studies should include treatments 
with lower volumes of sugar syrup.
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GENERAL CONCLUSIONS
Africanized honey bees have a higher proportion of their foraging 
force returning to the colony with pollen than European honey bees. This 
higher contribution of pollen to the nest helps explain how they obtain 
the protein and fat necessary to match the nutritional demands of 
increased brood production to sustain the higher swarming rates reported 
in the literature. A higher proportion of pollen foragers could possibly 
translate into them being better pollinators. However, their defensive, 
swarming, absconding behavior and the effect of feral populations need 
be considered before incorporating them into a commercial pollination 
program.
Africanized colonies had lower numbers of foragers collecting 
nectar only than European colonies. However, they returned to the colony 
with nectars of higher concentration. In addition they were observed to 
have a higher number of foragers collecting both nectar and pollen. 
European colonies had higher numbers of foragers collecting nectar only. 
They returned with larger nectar loads and their nectar had lower 
percent sugars. Non-significant geographical type differences were 
observed for management strategy. Although members of these two 
geographical types exhibit distinct differences in their nectar loads 
and foraging behavior, when volume and percent sugars were combined and 
joules per successful and per average forager were calculated, 
non-significant geographical type differences were observed. Therefore, 
on average the two honey bee types contribute with the same amounts of 
carbohydrate to the colony. However, Africanized colonies had lower 
colony weights than European colonies regardless of management strategy.
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Africanized colonies under the equalized management had less honey than 
non-equallzed colonies. This Is most likely the result of them being 
more susceptible to disruption by hive manipulation. The consistent and 
significantly lower amounts of stored honey observed for Africanized 
honey bees is explained in part by the higher number of European nectar 
foragers; however, these differences cannot account for all observed 
differences in stored honey. Lower amounts of stored honey by 
Africanized colonies could be the result of them having a higher 
consumption of carbohydrates per colony as a result of their higher 
brood production. Another factor which could possibly contribute to this 
difference in stored honey is that Africanized bees as a result of their 
lower weight and smaller size, could have a higher metabolic rate per 
individual. This could Increase carbohydrate maintenance needs and lead 
to less stored honey.
Africanized colonies had lower colony and honey weights than 
European colonies under favorable nectar flow conditions and higher 
colony and honey weights than European colonies under poor nectar flow 
conditions. These findings are in agreement with an earlier report where 
Africanized honey bees were observed to produce more honey than European 
colonies under moderate to poor nectar flow conditions, while European 
colonies excelled Africanized honey bee colonies in honey production 
under good nectar flow conditions. They also help explain the reported 
Increases in honey production per area by Africanized bees in locations 
previously unoccupied by European honey bees. Africanized honey bees 
seem better adapted to foraging under conditions similar to those in 
which they evolved (tropical), while European honey bees seem better 
adapted to exploit the resources presented in temperate areas, an
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environment in which they evolved and subsequently were subjected to 
artificial selection for honey production.
Colonies fed one liter of sugar syrup exhibited higher weight 
gains than colonies fed three liters. This was most noticeable during 
the intermediate season when the colonies were moderate in size (between 
five and eight frames of bees), The difference between the one and the 
three liters treatments was most likely caused by overfeeding sugar 
syrup. Honey bees in colonies fed three liters were regularly observed 
utilizing the brood nest area for ripening and storage of nectar. This 
could reduce the available space for egg laying, and therefore affect 
colony buildup and colony weights. Not only are Africanized honey bees 
an undesirable stock because of their defensive, swarming and absconding 
behavior but also because they exhibit lower colony and honey weight 
gains than European colonies. Finally, feeding honey bee colonies with 
three liters of sugar syrup twice a week proved detrimental to colony 
buildup.
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